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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 5 

The present invention generally relates to digital de- 
modulators and, more particularly, is directed to a digital 
demodulator for a video tape recorder (VTR) having a 
correcting unit for correcting the frequency characteris- 
tic of an equalizer circuit thereof. 

Description of the Prior Art: 

A prior-art digital demodulator is described for ex- 
ample in EP-A-0 343 892. 

According to the conventional digital demodulator 
for a VTR, as shown in FIG. 1 , a frequency modulated 
(FM) luminance signal reproduced by a reproducing 
head 1 is amplified by an amplifier 2 and then converted 
into a digital FM luminance signal by an analog to digital 
(A/D) converter 3. 

The digital FM luminance signal is then converted 
into complex signals x and y which are phase shifted by 
0- and 90- from the digital FM luminance signal by a 
Hilbert transform circuit 4, respectively. 

FIG. 2 shows a simplified arrangement of the Hilbert 
transform circuit for shifting a phase of an input signal 
applied thereto by 90-. Referring to FIG. 2, delay circuits 
31 and 32 are connected in series and an input signal 
is applied to an input terminal 33. The input signal is 
supplied to a multiplier 34 from the input terminal 33. 
Further, the input signal is supplied to a multiplier 35 
from the input terminal 33 through the delay circuits 31 
and 32. The multipliers 34 and 35 have coefficients of 
1/2 and -1/2, respectively. Outputs of the multipliers 34 
and 35 are supplied to an adder 36, so that a signal 
whose phase is shifted by 90- from that of the input sig- 
nal is obtained from an output terminal 37 which is led 
out from the adder 36. On the other hand, a signal whose 
phase is shifted by 0- from that of the input signal is ob- 
tained from an output terminal 38 which is led out from 
the connection point between the delay circuits 31 and 
32. 

Turning back to FIG. 1, the complex signals x and 
y are applied to an equalizer circuit 5 to which a coeffi- 
cient K changing in accordance with a level of the lumi- 
nance signal is applied. Further, the complex signals x 
and y are applied to a sign al level detector 6 for detecting 
a level of the luminance signal. 

The signal level detector 6 calculates a square root 
of (x 2 + y 2 ) based on the complex signals x and y to 
thereby obtain a level of the luminance signal. An output 
signal of the signal level detector 6 representing the cal- 
culated level of the luminance signal is applied to a read 
only memory (ROM) 7, which in turn obtains a coefficient 
K based on a characteristic curve stored therein as 
shown by a steady line in FIG. 3 and then outputs the 



coefficient K to the equalizer circuit 5. In FIG. 3, an ab- 
scissa represents a signal level of the luminance signal 
and an ordinate represents a coefficient K. The equal- 
izer circuit 5 changes its frequency characteristic in ac- 
cordance with the coefficient K in a manner that the larg- 
er the coefficient K is, that is, the lower a detected level 
of the luminance signal is, a higher frequency of the lu- 
minance signal is boosted, so that an optimum demod- 
ulation is performed by a demodulator 8 at the next 
stage. 

However, according to the thus constituted conven- 
tional digital demodulator, since the coefficient K is de- 
termined on the basis of only the characteristic shown 
by the steady line in FIG. 3, the higher frequency of the 
reproduced FM luminance signal is boosted when a lev- 
el of the luminance signal is low even if a frequency of 
the luminance signal is in the vicinity of a frequency of 
a carrier signal. Thus, in the lower frequency converted 
chrominance subcarrier system, a sum frequency signal 
of the chrominance signal and the FM luminance signal 
which is generated as a cross modulation distortion of 
the chrominance signal and the FM luminance signal is 
detected as a luminance signal, so that there may occur 
such an over-modulation phenomenon that a black por- 
tion of an image becomes white. In particular, when the 
FM luminance signal is subjected to the amplitude mod- 
ulation by the cross modulation, a level of the FM lumi- 
nance signal may be erroneously judged to be very low 
and so the higher frequency thereof may be boosted. In 
this case, the above-described over-modulation may 
more likely occur. 

FIG. 1 does not illustrate a separation circuit for sep- 
arating the FM luminance signal and the lower frequen- 
cy chrominance signal, but in general the extraction of 
the FM luminance signal may be performed by a filter 
for the luminance signal which may be provided at the 
rear stage of the amplifier 2, for example. 

OBJECTS AND SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
provide an improved digital demodulator in which the 
aforementioned shortcomings and disadvantages en- 
countered with the prior art can be eliminated. 

More specifically, it is an object of the present in- 
vention to provide a digital demodulator in which, when 
a frequency of the reproduced FM luminance signal is 
in the vicinity of a frequency of the carrier signal, the 
sum frequency signal of the chrominance signal and the 
FM luminance signal which is generated as the cross 
modulation distortion of the chrominance signal and the 
FM luminance signal is not detected as a luminance sig- 
nal, so that the over-modulation phenomenon does not 
occur and a spacing loss can be effectively corrected. 

As an aspect of the present invention, there is pro- 
vided a digital demodulator which includes a reproduc- 
ing head for reproducing an analog frequency modulat- 
ed video signal from a recording medium, an analog to 
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digital converter for converting the analog video signal 
applied from the reproducing head into a digital signal, 
a Hilbert transform circuit for transforming the digital sig- 
nal into signals whose phases are shifted by first and 
second angles from the digital signal, respectively, a fre- s 
quency detector for detecting a frequency of the trans- 
formed signals, a first coefficient circuit for weighting an 
output signal of the frequency detector, a second coef- 
ficient circuit for weighting the transformed signals in ac- 
cordance with a detected signal level, a multiplier for 
multiplying output signals of the first and second coeffi- 
cient circuits together, an equalizer for correcting a fre- 
quency characteristic of the transformed signals, and a 
demodulator for demodulating an output signal of the 
equalizer, wherein the frequency characteristic of the 
equalizer is corrected in accordance with an output of 
the multiplier. 

According to the thus constituted digital demodula- 
tor of the present invention, since the frequency char- 
acteristic of the equalizer circuit is corrected based on 
the frequency of the FM luminance signal, when the fre- 
quency of the FM luminance signal is within the prede- 
termined band width, an amount of the boost at the high- 
er frequency of the transformed signals is decreased, 
so that the generation of the over-modulation is prevent- 
ed and the spacing loss is corrected due to the de- 
creased amount of the boost at the higher frequency. 

The preceding and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following detailed description of an illustrative 
embodiment thereof when read in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows in block form an arrangement of a con- 
ventional digital demodulator for a VTR; 
FIG. 2 shows in block form an arrangement of a 
Hilbert transform circuit; 

FIG. 3 shows a coefficient-signal level characteris- 
tic of a ROM of the conventional digital demodula- 
tor; 

FIG. 4 shows in block form an arrangement of a dig- 
ital demodulator according to an embodiment of the 
present invention; and 

FIG. 5 shows a detected frequency-weight coeffi- 
cient characteristic of a ROM of the digital modula- 
tor according to the embodiment of the present in- 
vention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A digital demodulator for a VTR according to the 
embodiment will now be described with reference to 
FIGS. 4 and 5. 

FIG. 4 shows in block form an arrangement of the 
embodiment of the present invention. In FIG. 4, portions 



identical to those of FIG. 1 are referred to by the com- 
mon symbols, with explanation thereof being omitted. 
The digital demodulator of the embodiment shown in 
FIG. 4 differs in constructions from the conventional dig- 
ital demodulator shown in FIG. 1 in the following points. 
That is, as shown in FIG. 4, a frequency detector 9 de- 
tects a frequency of the reproduced FM luminance sig- 
nal from the Hilbert transform circuit 4 and applies its 
output signal representing the detected frequency to a 
coefficient circuit or ROM (ROM table) 10, which in turn 
outputs a weight coefficient W depending on the detect- 
ed frequency. Then, a multiplier 11 multiplies the coeffi- 
cient K outputted from the coefficient circuit or ROM 
(ROM table) 7 and the coefficient W outputted from the 
ROM 11 together. A correcting unit is constituted by the 
frequency detector 9, ROM 10 and multiplier 11. 

The signal level detector 6 outputs a signal repre- 
senting a level of the luminance signal (hereinafter re- 
ferred to as a level signal), like the detector 6 in FIG. 1 , 
and then applies the level signal to the ROM 7. The fre- 
quency detector 9 receives the complex signals x and y 
outputted from the Hilbert transform circuit 4, obtains an 
angle of the FM luminance signal from arc tan (y/x) and 
then differentiates the obtained angle by time to obtain 
an angular velocity, that is, a frequency of the FM lumi- 
nance signal. The frequency detector outputs a signal 
representing the detected frequency (hereinafter re- 
ferred to as a frequency signal) to the ROM 1 0. 

The ROM 10 stores the detected frequency-weight 
coefficient characteristic shown in FIG. 5 and outputs a 
weight coefficient W corresponding to a detected fre- 
quency represented by the frequency signal to the mul- 
tiplier 11. As shown in FIG. 5, since the sum frequency 
is (fY + fc), where fc is the frequency of the chrominance 
signal and fY is the frequency of the FM luminance sig- 
nal, a band width, that is, a predetermined band width, 
of the detected frequency whose weight coefficient W 
becomes 0.5 is required to be not less than fc at the 
higher frequency side. When the sum frequency signal 
having the sum frequency of (fY + 2fc) is generated by 
the cross modulation distortion, the predetermined band 
width is required to be not less than 2fc at the higher 
frequency side. 

The multiplier 11 multiplies the inputted coefficients 
K and W together to output a value K x W. Since the 
frequency fY of the FM luminance signal is in the vicinity 
of the carrier frequency, the output value K x W of the 
multiplier 11 will be as shown by a dotted line in FIG. 3 
when the weight coefficient W is 0.5. 

The output value K x W of the multiplier 11 is applied 
to the equalizer circuit 5. In the equalizer circuit 5, when 
the frequency of the FM luminance signal is within the 
above-mentioned predetermined band width, an 
amount of the boost at the higher frequency of the com- 
plex signals is decreased as shown by the dotted line in 
FIG. 3. Thus, a level of the sum frequency signal of the 
chrominance signal and the FM luminance signal which 
is generated as the cross modulation distortion is sup- 
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pressed, so that the generation of the over-modulation 
is prevented and the spacing loss can be corrected due 
to the decreased amount of the boost at the higher fre- 
quency. 

The inventor of the present invention has noticed 
that the luminance signal can be demodulated correctly 
even if an amount of the boost at the higher frequency 
is low as long as the frequency of the FM luminance sig- 
nal is within the above-mentioned predetermined band 
width. In view of this notice, in this embodiment, the 
over-modulation due to the sum frequency signal is pre- 
vented by decreasing an amount of the boost at the 
higher frequency when the frequency of the FM lumi- 
nance signal is within the above predetermined band 
width. 

While, in the above-described embodiment, the ex- 
planation has been made in a case that the frequency 
of the FM luminance signal is within the above prede- 
termined band width, when the frequency of the FM lu- 
minance signal is out of a range to be expected, the fre- 
quency may be judged to be abnormal and the lumi- 
nance signal having the frequency out of the expected 
range may be removed. 

As set out above, according to the digital demodu- 
lator of the present invention, since the frequency char- 
acteristic of the equalizer circu it is corrected on the basis 
of the frequency of the FM luminance signal, when the 
frequency of the FM luminance signal is within the pre- 
determined band width, an amount of the boost at the 
higher frequency of the complex signals is decreased, 
so that the generation of the over-modulation can be 
prevented and the spacing loss can also be corrected 
due to the decreased amount of the boost at the higher 
frequency. 

Having described the preferred embodiment of the 
invention with reference to the accompanying drawings, 
it is to be understood that the invention is not limited to 
that precise embodiment and that various changes and 
modifications could be effected therein by one skilled in 
the art without departing from the scope of the invention 
as defined in the appended claims. 



Claims 

1 . A digital demodulator comprising: 

a reproducing head (1) for reproducing an an- 
alog frequency modulated video signal from a 
recording medium; 

an analog to digital converter (3) for converting 
the analog video signal applied from said repro- 
ducing head (1 ) into a digital signal; 
a Hilbert transform circuit (4) for transforming 
the digital signal into signals whose phases are 
shifted by first and second angles from the dig- 
ital signal, respectively; 
a frequency detector (9) for detecting a fre- 



quency of the transformed signals; 
a first coefficient circuit (10) for weighting an 
output signal of said frequency detector (9); 
a second coefficient circuit (7) for weighting the 
5 transformed signals in accordance with a de- 

tected signal level ; 

a multiplier (1 1 ) for multiplying output signals of 
said first and second coefficient circuits (7, 1 0) 
together; 

10 an equalizer (5) for correcting a frequency char- 

acteristic of the transformed signals; and 
a demodulator (8) for demodulating an output 
signal of said equalizer, wherein the frequency 
characteristic of said equalizer is corrected in 

is accordance with an output of said multiplier 

(11). 

2. A digital demodulator according to claim 1 , wherein 
each of said first and second coefficient circuits (7, 

20 10) is constituted by a read only memory table. 

3. A digital demodulator according to claims 1 or 2, 
wherein said Hilbert transform circuit (4) transforms 
the digital signal into complex signals whose phas- 

25 es are shifted by 0° and 90° as said first and second 
angles from the digital signal, respectively. 

4. A digital demodulator according to any of claims 1 
to 3, wherein said equalizer (5) is formed of a plu- 

30 rality of delay circuits, adders and amplifiers. 

5. A digital demodulator according to any of claims 1 
to 4, wherein said equalizer (5) makes both a higher 
frequency band and a lower frequency band of the 

3S reproduced video signal substantially half of an in- 
termediate frequency band thereof. 



PatentansprOche 

40 

1. Digitaler Demodulator, umfassend: 

einen Wiedergabekopf (1) zur Wiedergabe ei- 
nes analogen frequenzmodulierten Videos i- 
45 gnals von einem Aufzeichnungsmedium; 

einen Analog-Digital-Umsetzer (3) zur Umset- 
zung des von dem Wiedergabekopf (1) ange- 
legten analogen Videosignals in ein digitales 
so Signal; 

eine Hilbert-Transformationsschaltung (4) zur 
Tranformierung des digitalen Signals in Signa- 
le, deren Phasen jeweils um erste und zweite 
ss Winkel gegenuber dem digitalen Signal ver- 

schoben sind; 

einen Frequenzdetektor (9) zur Detektion einer 
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Frequenz der transformierten Signals; 

eine erste Koeffizientenschaltung (10) zurGe- 
wichtung eines Ausgangssignals des Fre- 
quenzdetektors (9); 

eine zweite Koeffizientenschaltung (7) zur Ge- 
wichtung der transformierten Signale in Uber- 
einstimmung mit einem detektierten Signalpe- 
gel; 

einen Multiplizierer (11) zur Multiplizierung der 
Ausgangssignale der ersten und zweiten Koef- 
fizientenschaltung (7, 11) miteinander; 

einen Equalizer (5) zur Korrektur einer Fre- 
quenzcharakteristik der transformierten Signa- 
le; und 

einen Demodulator (8) zur Demodulation eines 
Ausgangssignals des Equalizers, bei welchem 
die Frequenzcharakteristik des Equalizers in 
Obereinstimmung mit einem Ausgangssignal 
des Multiplizieres (11) korrigiert wird. 

2. Digitaler Demodulator nach Anspruch 1 , bei dem je- 
de der ersten und zweiten Koeffizientenschaltung 
(7, 10)durch eine Nur-Lese-Speicher-Tabelle gebil- 
det ist. 

3. Digitaler Demodulator nach Anspruch 1 oder 2, bei 
dem die Hilbert-Transformationsschaltung (4) das 
digitals Signal in komplexe Signale transformiert, 
deren Phasen jeweils um 0° und 90° als die ersten 
und zweiten Winkel des digitalen Signals verscho- 
ben sind. 

4. Digitaler Demodulator nach einem der Anspruche 
1 bis 3, bei dem der Equalizer (5) aus einer Vielzahl 
von Verzogerungsschaltungen, Addierern und Ver- 
starkern gebildet ist. 

5. Digitaler Demodulator nach einem der Anspruche 
1 bis 4, bei dem der Equalizer (5) sowohl ein hohe- 
res Frequenzband als auch ein tieferes Frequenz- 
band des wiedergegebenen Videosignals, welches 
im wesentlichen die Halfte eines Zwischenfre- 
quenzbandes davon betragt, erzeugt. 



Revendications 



sert a convertir en un signal numSrique le signal 
vide*o analog ique applique* en provenance de 
ladite tele de reproduction (1 ) ; 
un circuit de transformation de Hilbert (4) qui 

5 sert a transformer le signal numerique en si- 

gnaux dont les phases sont respectivement d6- 
ca!6es, par rapport au signal numSrique, d'un 
premier angle et d'un deuxieme angle ; 
un d6tecteur de frequence (9) qui sert a d6tec- 

10 ter la frequence des signaux transforms ; 

un premier circuit de coefficient (10) qui sert a 
ponderer le signal de sortie dudit d6tecteur de 
frequence (9) ; 

un deuxieme circuit de coefficient (7) qui sert a 
15 pond6rer les signaux transformed en fonction 

d'un niveau de signal detects ; 
un muttiplicateur (11) qui sert a multiplier en- 
semble les signaux de sortie desdits premier et 
deuxieme circuits de coefficient (7, 10) ; 
20 un 6qualiseur (5) qui sert a corriger la caract6- 

ristique de frequence des signaux 
transformed ; et 

un d6modulateur (8) qui sert a demoduler le si- 
gnal de sortie dudit ggaliseur, ou la caractSris- 
25 tique de frequence dudit egaliseur est corrig6e 

en fonction du signal de sortie dudit multiplica- 
teur (11). 

2. D6modulateur numerique selon la revendication 1 , 
30 ou chacun desdits premier et deuxieme circuits de 

coefficient (7, 1 0) est constitu6 par une table du type 
m6moire morte. 

3. Demodulateur numerique selon la revendication 1 , 
35 ou ledit circuit de transformation de Hilbert (4) trans- 
forme le signal numerique en signaux complexes 
dont les phases sont respectivement d6cal6es, par 
rapport au signal numerique, de 0° et 90° au titre 
desdits premier et deuxiemes angles. 

40 

4. D6modulateur numerique selon Tune quelconque 
des revendications 1 a 3, ou ledit 6galiseur (5) est 
form6 d'une plurality de circuits retardateurs, d'ad- 
ditionneurs et d'amplificateurs. 

45 

5. D6modulateur numeVique selon Tune quelconque 
des revendications 1 a 4, ou ledit 6galiseur (5) fait 
en sorte qu'une bande de frequence superieure et 
une bande de frequence inf6rieure du signal vid6o 

50 reproduit soient toutes deux sensiblement la moitie 
d'une bande de fr6quence interm6diaire de celui-ci. 



1 . D6modulateur num6rique comprenant : 



une tele de reproduction (1 ) qui sert a reprodui- 55 
re, a partir d'un support d'enregistrement, un si- 
gnal video modul6 en fr6quence analogique ; 
un convertisseur analogique-num6rique (3) qui 
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